Some of the physiological consequences of coronary artery disease are outlined. The management of patients with coronary artery disease is discztssed from the point of view of the anaesthetist with emphasis on preoperative assessment and the avoidance of cardiac com/Jlications dun'ng anaesthesia.
INTRODUCTION
Patients with coronary artery disease have limited and often uncertain cardiovascular reserves. They are more susceptible to complications from physiological disturbances associated with anaesthesia and surgery. If the incidence of cardiac complications in these patients is to be significantly reduced, it is essential that physiological disturbances which encroach upon cardiovascular reserves are minimized during anaesthesia. Before discussing the management of these patients, relevant physiological factors are considered.
PHYSIOLOGICAL CONSIDERATIOKS
An important factor determining cardiac reserve is the capacity to increase oxygenation of the myocardium. This in turn depends on the ability to increase coronary blood flow, increase the oxygen content of arterial blood, and increase the extraction of oxygen from the coronary circulation.
Since maximal hyperventilation with air raises the oxygen content of arterial blood very little, and since the extraction of oxygen from each 100 ml of coronary blood is fairly constant despite large variations in cardiac oxygen requirements, the capacity to increase coronary blood flow is clearly a most important determinant of cardiac reserve.
Coronary blood flow (C.B.F.) varies directly as the perfusion pressure indirectly as the viscosity of the blood and directly as the fourth power of the radius of the vessel. Thus a small reduction in the calibre of the coronary vascular bed, because of atherosclerosis, will result in a fourfold diminution in the oxygen supply to the myocardium with a given perfusion pressure and viscosity. Atherosclerosis not only implies a diminished calibre of the coronary vascular bed but also a diminished responsiveness of the affected vessels to vasodilator stimuli.
Consequently, there may be a reduction in the ability to restore normal C.B.F. when this is lowered by a fall in perfusion pressure or an increase in viscosity. Further, there may be some loss of the ability to increase C.B.F. when this is demanded by a reduction in arterial oxygen content or an increase in cardiac oxygen requirements.
The implications of coronary artery disease now become obvious.
Cardiac reserve is diminished to a degree which depends primarily upon the severity of the disease, but will be reduced still further if there is co-existent non-coronarv myocardial disease, valvular disease, or ~ hypertension.
Obesity, chronic bronchitis and emphysema, and anaemia are further aggravating factors.
Patients with coronarv disease have an increased tendency to m}'ocardial hypoxia if the perfusion pressure is allowed to fall, the viscosity of the blood is increased, the oxygen content of the blood is reduced, the Hb0 2 dissociation curve is shifted to the left, or if the cardiac oxygen requirements are increased by marked rises in blood pressure or heart rate.
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DISCUSSION
In light of the preceding physiological considerations, the management of these patients requires that:
1. The anaesthetic risk be assessed preoperatively. 2. The patient is in the best possible condition to withstand the physiological insults to which he may be subjected during surgery and anaesthesia. 3. Anaesthesia is conducted in such a manner that physiological disturbances which encroach upon cardiovascular reserves are avoided. 4. Cardiac complications which develop despite adherence to the above principles must be readily recognized and properly treated. In this discussion it is proposed to elaborate only on those principles related to the prevention of cardiac complications and to exclude the management of developed cardiac complications.
(1) Assessment of the Anaesthetic risk
This necessitates assessment of the severity of the disease, associated disease states, and relevant drug therapy. The nature and expected duration of the intended operation are also important factors.
Clinical features which may indicate the severity of disease are the decrease of exercise tolerance, the duration and severity of angina, the presence and degree of congestive failure, cardiomegaly, and electrocardiograph abnormalities. Of great significance in the history is the number of myocardial infarcts suffered by the patient and when the last one occurred. The more remote the last infarct from the proposed date of surgery, the better the anaesthetic risk.
The very high morbidity and mortality reported if major surgery is performed within six months of a myocardial infarct (Topkins and Artusio 1964, Fraser, Ramachandran and Davis 1967) should now preclude it being done during this period.
Associated disease states which may also affect cardiac reserve should be looked for and assessed.
Drugs of significance in the assessment of risk include digoxin, diuretics, antihypertensives, beta-blockers and anticoagulants.
Whilst digoxin increases the efficiency of the failing heart, it also increases the irritability of the myocardium. Since hypokalaemia also increases the irritability of the myocardium, it is imperative that all these patients, particularly those on digoxin and diuretics, have their serum electrolyte concentrations checked preoperatively.
If the patient is receiving antihypertensive therapy, it must be decided whether or not this be discontinued prior to surgery. If these drugs are withdrawn, a suitable time before surgery compensatory vasoconstrictor ability is increased and the myocardial depressant effect of anaesthetic agents is better counteracted. On the other hand severe rebound hypertension sometimes follows withdrawal of antihypertensives, which increases susceptibility to angina, infarction, arrhythmias and cerebrovascular accidents. It is now generally held that, provided cardiovascular reserves are not strongly challenged during anaesthesia by postural changes, hypovolaemia, or hypoxaemia, these patients are best left on their antihypertensives (Katz, Weintraub and Papper 1964) .
Beta-receptor blocking agents such as propranalol have in recent years gained popularity in the treatment of refractory angina. Whether or not the drug is withdrawn prior to surgery is a matter of opinion. The protagonists for withdrawal argue that the negative inotropic action of the drug encroaches sufficiently upon cardiac reserve to warrant its being withheld at least 12 hours prior to surgery. However, the increased risk of ischaemic complications may be an equally valid argument for not withdrawing the drug.
Patients on anticoagulants may bleed abnormally if the prothrombin time is more than two and a half times the normal control, but there is a danger in suddenly withdrawing them if they have been given for some time.
Rebound hypercoagulability of the blood may occur, so the dosage should be gradually reduced until the prothrombin is one and a half to two times the normal control.
(2) Preparation of Patient for Surgery
Respiratory function, haemoglobin concentration, and myocardial function should be in an optimum state prior to elective surgery. Prophylactic preoperative digitalization in these patients is still controversial (McCord 1967 , Deutsch and Dalen 1969 , Moe and Farah 1967 . The object of this treatment is to improve myocardial efficiency and therefore cardiac reserve. However, it is doubtful whether the benefits derived in those patients not in frank failure or rapid atrial fibrillation outweigh the risk of subjecting them to possible digitalis induced arrhythmias (Moe and Farah 1967) .
Premedication should be designed to allay anxiety without producing marked cardiovascular and respiratory depression. Suitable agents include diazepam, papaveretum and scopolamine, but droperidol and phenothiazine derivatives, particularly chlorpromazine, should be used with care as these substances mav cause hypotension. Atropine is best avoided because of the tachycardia it may produce. Prophylactic sublingual trinitrin in the patient with a history of angina responding to this drug is probably a good idea.
(3) The Conduct of Anaesthesia
Successful anaesthesia devoid of cardiac complications demands careful attention to the following factors:
(a) Coronary per fusion pressure.
Falls in coronary perfusion pressure must be prevented. This requires the maintenance of an adequate systemic arterial pressure by avoiding diminution of cardiac output and peripheral resistance.
A decrease in cardiac output can be avoided by maintenance of right atrial filling pressure, by maintenance of myocardial contractilitv, and by prevention of marked variations in heart rate.
Adequate right atrial filling requires that blood loss due to surgery be replaced as it occurs. Peripheral venous pooling and compression of the inferior vena cava must not occur. Atrial filling will be maximal when mean intrathoracic pressure elevation is kept to a minimum.
The maintenance of myocardial contractility demands careful induction of anaesthesia. Thiopentone in small doses may be used or diazepam or cyclopropane may be preferred. Inhalational agents which depress myocardial contractility should be used in minimal dosage. Contractility is facilitated by the maintenance of body temperature at normal levels and by careful attention to electrolyte and acid-base balance.
The prevention of marked fluctuations in heart rate requires attention to factors which may cause tachycardia or bradycardia. Factors elevating pulse rate include light anaesthesia, carbon dioxide retention, and the side-effects of some anaesthetic agents. Factors depressing pulse rate include the vagotonic effects of overdosage with certain anaesthetic agents and reflex vagal stimulation.
Peripheral resistance decreases due to sympathetic blockade.
It may result from vasomotor centre depression by drugs, from vasomotor paralysis by extensive epidural or subarachnoid blockade, or as a sequel of ganglionic or alpha-receptor block.
(b) Blood viscosity. Blood viscosity should not be allowed to rise. Blood loss should be replaced by whole blood rather than by packed cells. Extracellular fluid losses should be tallied and replaced. Hypothermia should be prevented by adequate insulation of the patient and by warming of intravenous solutions.
(c) Arterial oxygen content. The oxygen carrying potential of the blood must be maximal within the limit imposed by viscosity, and a haemoglobin concentration within the normal range is important. Pa0 2 levels are elevated by preoxygenation, by avoiding hypoventilation during surgery, and by the use of gas mixtures containing at least 40 per cent of oxygen. Blood loss should be quickly and accurately replaced and, post-operatively, oxygen should be given.
(d) Hb0 2 dissociation curve. Leftward shifts of the oxyhaemoglobin-dissociation curve can be avoided by maintaining body temperature and by preventing respiratory alkalosis. Whenever transfusion is indicated, the use of fresh blood rather than old blood deficient in 2,3-diphosphoglycerate is not a practical consideration. Fresh blood is limited in its availability and is needed much more urgently in the treatment of certain types of bleeding diathesis.
(e) Cardiac oxygen requirements. Cardiac oxygen requirements are increased by rises in blood pressure and heart rate, so marked rises should be avoided. Factors involved in tachycardia and hvpertension are light anaesthesia, carbon dioxide retention, and the side-effects of some drugs, for example gallamine and ketamine. Post-operative factors include pain, anxiety, and pyrexia.
The immediate post-operative period must be regarded as an extension of the operative period, so that these principles are not abandoned when the patient leaves the theatre, but continue into the recovery room and the ward. CONCLUSION The principal aim of anaesthesia in the patient with coronary artery disease is that the operative and post-operative periods be devoid of cardiac complications. This can only be achieved if the principles which have been discussed are adhered to. It must be emphasized that the skill, experience and care of the anaesthetist will be far more important factors than the particular techniques or drugs employed.
